Objective: Basic perinatal education to increase parental knowledge of neonatal illnesses (such as respiratory distress, sepsis, complications of prematurity) could be a feasible way to reduce high neonatal mortality rates in limited-resource nurseries. To assess the efficacy of antenatal education in increasing mothers' knowledge of basic newborn care in a limitedresource nursery, and to determine whether the knowledge is retained postpartum.
Introduction
In 2008, the Millennium Development Goals (MDG) were established by the United Nations, and Lao People's Democratic Republic (PDR) was included in a list of 68 countries that account for 97% of maternal and child deaths worldwide.
1 MDG 4 calls for a two-third reduction in under-five mortality by 2015. 2 Neonatal mortality (death before 28 days of life) is a major contributor to under-five mortality in less-developed countries, and it is estimated that the prevention of 70% of neonatal deaths would reduce under-five mortality by 25%. 3 Many of the interventions expected to decrease the neonatal mortality rate in developing countries such as Lao PDR have existed for more than half a century. 4 Cost-effectiveness research has indicated that in places with limited resources, high neonatal mortality rate and poor health systems, 'emphasis on family and community-based interventions can avert a substantial proportion of neonatal deaths at relatively low cost.' 5 The Countdown Coverage Writing Group, which analyzed 22 interventions in the 68 countries accounting for 97% of under-five mortality, emphasized that 'scheduling' interventions (such as antenatal care visits), 'bundling' interventions (such as newborn education and vitamin A droplet distribution) and 'integrating' interventions (for example, interventions during 'missed opportunities,' such as antenatal clinic visits) can significantly impact neonatal mortality rate.
The overall neonatal mortality is high in many South Asian countries. In Lao PDR, the overall neonatal mortality is 35 per 1000 births. 8 Leading causes of neonatal morbidity in Lao PDR and other Southeast Asian countries include birth asphyxia, complications of prematurity and sepsis. [9] [10] [11] [12] Other studies in South Asia illustrate that simple interventions and nontechnological changes can have a positive impact on reducing mortality. 10, [13] [14] [15] One interventional trial in an Indian hospital tested simple interventions in in-patient neonatal care, such as empowering mothers in care giving and instituting asepsis routines. This study showed a significant decrease (20.3 versus 29.3 per 1000 live births) in overall neonatal mortality and more than two-fold decrease in neonatal mortality for babies weighing 1000 to 1499 g. 10 In another Indian study, there was a 50% decrease in mortality among low-birth-weight and preterm infants managed at home by trained health-care workers and mothers who received training. 16 Effective community-based care can significantly impact child survival, 5 although social and behavioral change is difficult to achieve. In developing nations, many neonatal deaths and a significant proportion of poor outcomes among survivors may be due to inadequate parental understanding of neonatal illness. As a first step in improving morbidity and mortality of neonates in a setting of limited resources, this study examined the association between parent understanding of basic neonatal illness prevention before and after a brief education. Although other studies hoping to improve neonatal mortality have focused on training health-care workers, 17 this study targets mothers to promote newborn wellbeing and improve care seeking by primary childcare providers. This study also attempts to educate women about postnatal care in the antenatal care period when mothers are more accessible (that is, during scheduled visits), motivated to learn about neonatal care and under less stress than in the immediate postdelivery period. We studied whether third-trimester education about basic neonatal care in a limited-resource setting is associated with increased parent understanding about basic neonatal care and illness identification after the women deliver.
Methods

Study site
This study took place during March and April 2008 at the Mother and Child Health Hospital (MCHH), a public hospital in Vientiane, Lao PDR. The MCHH is a major referral center and teaching hospital for much of Lao PDR. Approximately 5400 infants are born at the MCHH each year and B10% are low birth weight. The MCHH is also a unique hospital in Lao PDR because of its emphasis on health education. Under the supervision of the Director of Pediatrics, medical students, residents and physicians broadcast informal group teaching to parents in the waiting areas, on the radio through a local radio station, over the loudspeakers and in the nursery. At the MCHH, education on neonatal care is attempted for all women, but is only intermittently given to women after delivery. Staff at the MCHH report that some of the reasons for intermittent delivery neonatal education are early discharge of mothers after delivery (as soon as 6 h after delivery) and suboptimal staffing on weekends and holidays. Nurses and doctors are responsible for neonatal education. They use simple handouts, one-on-one conversations and group instruction to educate parents of newborns.
During pilot research at the MCHH in January 2008, we interviewed 50 parents and grandparents who ranged in age from 17 to 69 years (mean age 28.9) and had between 0 and 18 years of education (mean years 10.2). Most interviewees were from the city (74%), whereas 24% were from a town and 2% lived in rural communities. Many of the participants (22%) reported that their child was in poor or very poor health, and 20% of participants felt it was difficult or very difficult to care for their child. The majority of the participants (86%) felt that whether a child lives or dies depends entirely on the parents. We also surveyed 50 providers (namely nurses, midwives, physicians, medical students), and they ranked 'lack of education' of families as one of the major barriers to obtaining neonatal care at the MCHH. Using data obtained from this previous pilot study, we therefore developed an intervention to improve family education for newborn infants.
Study intervention
Working closely with Lao collaborators, we devised an educational intervention that would be feasible and relevant. Three main teaching topics on newborn care were chosen: umbilical cord care, temperature control and danger signs for neonatal illnesses. These topics were identified in collaboration with Lao physicians and reflect the common neonatal problems in developing countries identified by the World Health Organization. 8 Teaching on these topics sometimes occurred before the study intervention to mothers not involved in the study by nurses and doctors at the time of delivery, but in a nonsystematic manner. Culturally relevant teaching points were added to the basic topics, including avoidance of some traditional and commonly used methods of cord cleaning (applying cobwebs to the umbilical stump) and cord cutting (using bamboo to cut the umbilical cord). All teaching materials were explained verbally by Lao doctors and written in simple Lao. Pictographic materials showing normal cord healing and infected umbilical cords were added for emphasis and for clarification. Study participants were also taught to take axillary temperatures using a digital thermometer in Celsius. At the end of the intervention, participants were given a small incentive gift (a baby tee-shirt or a digital thermometer). These were deemed a culturally appropriate gift by our Lao collaborators.
This study was approved by the Institutional Review Board at the University of California, San Francisco, and at the MCHH in Vientiane before initiation of the study. Informed and written consent in the primary language of the families was obtained before participation.
Study subjects
The accessible population was expectant mothers in their third trimester of pregnancy at the MCHH in Vientiane, Lao PDR. Expectant mothers were recruited from the waiting room by nurses aware of the study or directly by study personnel. A convenience sample of 101 consecutive, consenting expectant mothers awaiting antenatal visits at the MCHH was interviewed and received educational intervention. We attempted to contact all women by telephone after their estimated delivery date. Of the study participants, 45 women were followed up after delivery and participated in a postdelivery test questionnaire. Women were lost to follow-up because they did not deliver at the MCHH or we were unable to contact them after delivery. Two women declined participation in the study because of time constraints.
Procedures
Mothers were taught one on one or in pairs by Lao doctors, shown pictures of healthy cord healing and an infected cord and given a handout on three topics written in Lao. Mothers participated in both a preeducation questionnaire (pretest), including demographic data, and an educational assessment, as well as an immediate posteducation questionnaire (posttest 1), which included only an educational assessment. Mothers who we were able to follow through to delivery were retested (posttest 2) after delivery, either in the hospital or within the first month of life. The educational assessments were all identical and covered the topics in the educational module: temperature control, umbilical cord care and signs of neonatal illness. The 10-min, 23-question surveys were read to mothers with limited literacy or completed independently. The surveys assess the effectiveness of specific topics covered in the educational intervention for this study.
Statistical issues
Study participants' questionnaires were scored with an overall percentage correct on each test (pretest, posttest1, posttest 2). We separately measured the percentage correct for each of the three individual teaching topics: temperature control, cord care and danger signs. Demographic data were also collected. To ensure validity of responses to the questionnaire, we also assessed mother's comfort with and usefulness of the education using a Likert scale. Overall and question-specific scores on tests were compared in a paired analysis using ANOVA (analysis of variance) and multiple linear regression analysis using STATA 9.0 (StataCorp LP, College Station, TX, USA). A P-value <0.05 was considered significant.
Results
Demographic data are summarized in Table 1 . The women in our sample had an average age of 28.5 years, received the educational intervention at an average gestational age of 35 weeks and delivered at an average gestational age of 39.8 weeks. For 53% of women, this was their first pregnancy, which reflects a population more likely to need basic neonatal education. Our study participants were highly educated by Lao standards. More than 50% of the women had >8 years of schooling, and 28% had at least 12 years of education. In this group of women, three reported the death of a previous neonate. Figure 1 shows a comparison of the test scores before and after the educational training intervention. Although the overall pretest scores were high, we found a wide range of scores (mean 81% correct, range 39 to 97% correct). The overall high scores were likely due to the high baseline education attainment of this group of women (Table 1 ). There was a statistically significant improvement in test scores (an increase of 10%) between pretest and posttest from 81 to 92% (ANOVA, P<0.0001). The increase in score was also retained in the days after delivery. Women retested immediately after delivery retained the educational message, achieving similar posttest 1 and posttest 2 scores (ANOVA, P ¼ 0.08). Antenatal education for expectant mothers EA Weiner et al Figure 2 shows the test scores for each of the individual topics covered in the educational intervention. The largest increases in knowledge occurred with questions regarding temperature control. In this section, women were taught how to use a thermometer, the importance of maintaining normal infant temperatures and to recognize the normal range for infant temperatures. The scores for newborn temperature control increased from 75 to 91% correct, whereas the scores for knowledge regarding umbilical cord care and for recognizing danger signs of illness both increased by 10% (Figure 2) .
Linear regression analysis showed that maternal education (P ¼ 0.025) and the number of previous births (P ¼ 0.037) correlated positively with higher pretest scores. As shown in Table 2 , higher maternal education correlated with higher posttest scores (P ¼ 0.01). However, we found that even women with less years of education also benefited from the education intervention and increased their test scores significantly when compared with women with more years of education. As illustrated in Table 2 , women with the least amount of formal education (0 to 4 years) increased their test scores by 11.8% compared with 10.9% increase in women with 4 to 8 years of education, 6.4% in women with 12 to 16 years of education and 11.1% in women with >16 years of education.
We also found that nulliparous women had lower pretest scores (76.8%) than did parous women (Table 2 ). However, we also found that nulliparous women increased their posttest scores more than did parous women (13.9 versus 6%, respectively, P ¼ 0.002) and that their posttest scores were the same as those in women with previous deliveries. Nulliparous women seemed to benefit more as measured by greater increase in test scores from the educational training program.
Discussion
Lao women in our study were able to understand and retain information about temperature control, umbilical cord care and danger signs in the neonate after a brief, low-cost educational intervention at an antenatal visit. Our sample was well educated and overall represented a minority of Lao women who received antenatal care and planned to deliver in a hospital. Limited knowledge, or incorrect knowledge of temperature control, umbilical cord care and danger signs could increase morbidity and mortality in neonates. Components of this simple, easy-tounderstand and easy-to-teach intervention have been shown to reduce neonatal morbidity and mortality in previous studies. 5, 16 They also have been shown to increase care-seeking behaviors for sick newborns. 4, 5, 16 Our study was framed in adult learning theory and provided a clear and comprehensible message when women were motivated to learn the information. 18 We have shown that a brief, culturally specific educational intervention using written and pictographic information on basic newborn care increases the immediate understanding of basic newborn care. The information is retained into the early postpartum period, when care methods may serve to promote infant well-being and reduce morbidity and mortality from neonatal illnesses. This study combined the proven efficacy of scheduled visits during the antenatal period with an education training intervention that focuses on postnatal care, a delicate time in the health of the newborn that has been historically neglected. 5, 19 As women with less education in our study also benefited from the antenatal education, we speculate that this intervention would likely show a similar increased benefit in the rural communities of Lao PDR, where education is lower and neonatal mortality rates are higher. By educating expectant mothers, this low-cost intervention could be feasibly scaled-up to encompass rural communities where health-care workers are near nonexistent. In addition, bundling this educational intervention with other interventions (such as antenatal care, neonatal resuscitation program), might result in an even larger improvement in neonatal morbidity and mortality than either intervention alone. A combination of a specific public health initiative in Lao PDR such as neonatal resuscitation program with low-cost educational interventions focusing on caretakers could provide the social and behavioral change required by individuals and communities to achieve the highest level of effectiveness. Empowering women, in particular, to improve newborn health and care-seeking behavior when indicated may reduce neonatal morbidity and mortality and engender awareness of newborn health at a community level. 20 Only a minority of pregnant women access antenatal care in Lao PDR. The majority of deliveries in Lao PDR occur at home, to women without prenatal care, and only B19% of deliveries have a skilled attendant. 21 Our study focused on a select group of women, those who already seek antenatal care at a city hospital, and their high pretest scores likely reflect their higher level of formal and informal education. Our antenatal education program seems feasible as a low-cost public information campaign. 22 By increasing the public health education of mothers themselves, it would not only decrease neonatal morbidity and mortality but also help to increase public awareness of common neonatal health issues and empower caretakers to act. Although other studies hoping to improve neonatal mortality have focused on training health-care workers, this study of antenatal education targets pregnant women as a means of promoting newborn well-being and improving care seeking. It provides information that bridges the gap between hospital-based care and newborn care at home.
This study did not analyze care behaviors after the infant was born. In addition, we were able to follow less than half of the women after delivery. It is possible that our results might differ had we been able to interview our entire initial sample. However, the large number of women lost to follow-up also illustrates the importance of educating women before delivery. Anecdotal data from the postpartum interviews suggested that women did use some of the interventions taught in the antenatal module. Several women spontaneously reported using the methods described in the education, such as skin-to-skin warming, and several women also requested study materials (photos and handouts) to educate family and community members using traditional methods of umbilical cord care. Our data illustrating that women can be feasibly and effectively educated about newborn care before delivery are significant for development strategies that encourage integration and bundling of interventions to provide cost-effective improvements in care.
In summary, we conclude that educating pregnant women, even briefly, in their third trimester with a targeted training program is an inexpensive, sustainable, feasible and effective intervention that could improve neonatal morbidity and mortality during critical postnatal periods in at-risk populations in limited-resource settings.
